Computed tomographic (CT) colonography is a promising noninvasive examination for colorectal cancer screening; however, the optimal interpretation strategy remains undecided. Virtual dissection is an innovative technique whereby the three-dimensional (3D) model of the colon is virtually unrolled, sliced open, and displayed as a flat 3D rendering of the mucosal surface, similar to a gross pathologic specimen. This technique has the potential to reduce evaluation time by providing a more rapid 3D image assessment than is possible with an antegrade and retrograde 3D endoluminal fly-through. It may also ultimately improve accuracy by reducing blind spots present with 3D endoluminal displays and by reducing reader fatigue. A disadvantage of virtual dissection is the potential for distortion of colonic lesions and normal anatomy. To avoid potential pitfalls in image interpretation, the radiologist must be familiar with the unique appearance of the normal colon anatomy and of various pathologic findings when using virtual dissection with two-dimensional axial and 3D endoluminal CT colonographic image data sets.
Introduction
Current computed tomographic (CT) colonography protocols use submillimeter detector collimation, resulting in more than a thousand images for a single examination. Various image display techniques are used to interpret these large data sets. Image interpretation may include a two-dimensional (2D) axial review (1), 2D multiplanar reformation review (2, 3) , primary 2D review with three-dimensional (3D) comparison for problem solving (4, 5) , primary 3D review with 2D comparison for problem solving (6, 7) , computeraided diagnosis (8) , use of nonradiologists as second readers (9) , and use of various 3D display options (10, 11) , including virtual dissection (12, 13) (Fig 1) . In comparison with other 3D techniques, virtual dissection may be more efficient because only a single review is performed, compared with the bidirectional review recommended for a 3D endoluminal display. Virtual dissection also allows display of the entire mucosal surface, unlike 3D endoluminal display, which may result in blind spots (10) .
Because virtual dissection causes distortion in the morphologic depiction of the colon, familiarity with the gamut of appearances related to this technique is essential for correct interpretation. We therefore describe the appearance of the normal colon in contrast with that of common pathologic lesions, not only as depicted on virtual dissection images but also as shown on 2D axial and 3D endoluminal CT colonographic views, which are likely to be more familiar to readers. Potential imaging pitfalls (eg, incomplete distention of the colon, retained stool and fluid, and unusual artifacts) also are reviewed with regard to their appearance at virtual dissection.
Previous Studies of Virtual Dissection
Numerous rendering algorithms have been investigated to alleviate the distortion that inevitably results from the virtual straightening and flattening of curved colonic sections (14 -20) . One proposed method, planar virtual pathology, used isometric volume rendering, which did not require a midline colon trace (19) . Proponents have concluded that this method, compared with standard 2D axial or 3D endoluminal review, has the potential for improved detection of lesions with specific morphologic characteristics (19) . The image data processing method, however, requires the use of customized proprietary software, and the navigation of the reconstructed images is reportedly time consuming (19) .
In a recent study in which virtual dissection review was compared with 2D axial review with endoscopic correlation, the overall time needed for analysis of the virtual dissection images was significantly greater than that for 2D images (12) . However, the difference was mainly attributable to prolonged rendering times with the use of an older software version. As a result, several colonic segments were not evaluated because of reconstruction failures. With only a single monitor, this software version required eight different longitudinal panels for review, each of which displayed only a 45°section of the 360°endoluminal surface. Despite such limitations, no significant difference in polyp detection rates was found, and the average interpretation time for virtual dissection was in fact less than that for 2D review (20.9 vs 29.2 minutes) (12) .
To our knowledge, these three display techniques have been compared, with endoscopic correlation, in only one other study (13) . In that study, three separate reading sessions were performed in isolation: one for 2D axial images, one for 3D endoluminal views, and one for virtual dissection images. Although the authors used an older version of the software, they found that virtual dissection had the highest sensitivity and the highest positive and negative predictive values. Recently, Johnson et al (20) evaluated virtual dissection in a phantom and in a small patient sample with endoscopic correlation. All 144 polyps in the phantom and all 20 clinically proved polyps in the patients were visible in retrospect. These results indicate a high potential for improved polyp detection with this technique.
Colon Preparation for Virtual Dissection
As with images from colonoscopy and barium enema examinations, accurate interpretation of CT colonographic images requires optimal colon preparation. The standard regimen includes the observance of specific dietary restrictions before the procedure and the use of cathartics or laxatives, typically polyethylene glycol or sodium phosphate preparations. Optimal colonic distention also is necessary and can be achieved either with room air administered via a rectal tube by using a hand pump or with an automated carbon dioxide insufflator. CT colonography is performed on a multi-detector row scanner with four to 64 rows by using a low-dose technique and a single breath hold for each image acquisition (supine and prone). For further details about the scanning parameters, see the used but may be administered for staging of a previously identified colorectal mass or for surveillance imaging. Various oral stool-tagging regimens are common; a barium suspension is used to tag stool, and meglumine diatrizoate (Gastrografin; Bracco Diagnostics, Princeton, NJ) is used to tag residual fluid in the colon.
Virtual Dissection for 3D Image Reconstruction
Recent improvements in software design have the potential to improve conspicuity and examination efficiency beyond the levels demonstrated in previous studies. The current version of a previously tested software program (CT Colonography 5.3.25; GE Healthcare, Milwaukee, Wis), with a better user interface, allows marked improvements in reconstruction time and path finding when implemented on a dual-monitor workstation (Advantage 4.2_04; GE Healthcare) (Fig 2) . From the prone and supine 2D axial source image data, the virtual dissection software renders a 3D model of the colon that provides information similar to that obtained with a double-contrast barium enema examination (Fig 3) . Using the rectum as the starting point and the cecum as the end point, the software automatically performs a midline tracing of a well-distended colon within less than a minute. After the result of midline tracing is confirmed and accepted at the workstation, extraneous extracolonic air-containing segments (eg, small bowel or stomach) are automatically removed by the software. If the colonic air (Fig. 6) shows the normal appearance of haustral folds in a straight colonic segment. Sections outlined in yellow (Fig. 5, Fig. 7, Fig. 8 ) and yellow arrows indicate haustral distortions related to the degree of colonic curvature and the relative position of the haustral folds on the virtual dissection image. The section outlined in green (Fig. 9 ) and the green arrowheads indicate areas of the colon that contain residual fluid. The outlined segments are examined in depth in subsequent figures (Figs 4 -9, 16 ). column is discontinuous, a trace point can be manually placed distal to the obstruction on the 2D axial image, and the software then will continue the midline trace until the next discontinuity or the cecum.
Figures 4, 5. (4)
Virtual dissection views are created by visually unfolding or straightening the colon, sectioning it longitudinally, and flattening the lumen. Images obtained with the virtual camera are perpendicular to the midline of the colon (Fig 1) . The 360°v iew of the inner colonic surface is displayed as a single flattened and colored 3D image, with a few degrees of overlap at the edges, which are indicated by a slightly darker color (Fig 1) . Lesions that abut the cut surface of the colon on the virtual dissection image extend into the area of overlap (Figs 4, 5) . If necessary, the entire colon can be displayed as three continuous strips on a single monitor (Fig 3) . With the dual-monitor system (Fig 2) , interactive interpretation can be performed by displaying 2D multiplanar, 3D endoluminal, and virtual dissection images simultaneously. Supine and prone images can be viewed in axial, coronal, sagittal, and oblique imaging planes, and preset and adjustable settings for window width and window level also are available. A real-time point-to-point correlation of findings can be performed between virtual dissection images and the corresponding 2D and 3D images (Figs 3-9) . The length and position of the colon segment displayed on virtual dissection images are indicated in real time on the 3D volume-rendered image (Fig 2) . The settings can be adjusted easily to obtain images of a longer or shorter segment of the colon. 3D endoluminal view (b) show haustral folds with a normal orientation, perpendicular to the long axis of the colon (arrowheads in a) . A small amount of residual fluid partially obscures the folds (arrows). 
Normal Anatomic Features on Virtual Dissection Images
In straight colonic segments, such as the descending or ascending colon, normal haustral folds usually are perpendicular to the midline and thus are depicted as vertically oriented lines on virtual dissection images (Figs 5, 6 ).
With curved colonic segments, the process of straightening and flattening may cause distortions of normal turns and haustral folds, resulting in a myriad of artifactual features (Figs 3, 5, 7, 8 ) (18, 22 ). An interactive real-time correlation of the virtual dissection images with 2D and 3D images can help distinguish these findings from true polyps or masses. In well-distended normal colon segments, where haustral folds are effaced or absent, virtual dissection images are similarly featureless (Fig 3) .
Normal rectal valves may appear irregular because of their variable course and length (Fig 4) . Unlike haustral folds, the rectal tube (Figs 3, 4) and residual fluid (Figs 3, 6, 9 ) typically are parallel rather than perpendicular to the colonic long axis.
It generally is possible to differentiate these areas of distortion from true lesions with a predominantly longitudinal or nonlinear appearance by performing a real-time comparison of virtual dissection images with the corresponding 2D axial and 3D endoluminal images (Figs 10, 11 ).
Johnson et al (20) described haustral distortion as occurring longitudinally on virtual dissection images. Polyp distortion on virtual dissection images was dependent on the underlying morphologic features, with sessile and flat masses appearing as flame-or pea-shaped lesions, and with pedunculated masses generally appearing as flame-or club-shaped lesions. The few bizarrely shaped lesions observed on virtual dissection images often represented a pedunculated polyp. Thus, with training, the radiologist would not find that distortion on virtual dissection images compromises polyp detection but rather that virtual dissection may allow a more rapid review because there are fewer images to interpret. Virtual dissection image (a), 3D endoluminal view (b), and 2D axial  image (c) from supine CT colonography, and corresponding colonoscopy image (d), show a lesion (arrow) with a longitudinally distorted appearance on the virtual dissection image and with a broad-based attachment to the colon wall (arrowheads in a and b). It is essential that all longitudinally oriented findings on virtual dissection images be correlated with features on 3D endoluminal and 2D axial views, to differentiate true masses from pseudolesions. The 4-cm polyp was excised and histologically proved to be a sessile tubulovillous adenoma. 
Pitfalls of Virtual Dissection
Like 3D images obtained with other CT colonographic display techniques, virtual dissection images may be affected by incomplete or suboptimal colonic distention, which is a common cause of inaccurate depiction. On virtual dissection images, a "bridge " links discontinuous colonic segments, allowing the software to continue the midline trace, with collapsed areas appearing as featureless gaps in the colon (Fig 12) .
Because untagged residual fluid (Fig 13) may obscure lesions, it is necessary to use supine and prone positioning of the patient, fluid tagging, or both to ensure the identification of all lesions. Residual fecal matter can be identified by its mobility with a change in patient position, its heterogeneity (Fig 14) , or its increased attenuation due to barium stool tagging.
The ileocecal valve has various appearances, and it may resemble a mass on virtual dissection images. It is typically necessary, therefore, to review 2D axial images for confirmation of the appearance of the ileocecal valve, particularly in the presence of lipomatous infiltration (Figs 15, 16 ). A postoperative appendiceal stump may mimic a polyp (Fig 17) . In cases in which a postoperative stump is suspected, a comprehensive clinical history and the location of the finding at the cecal base should facilitate correct diagnosis.
Finally, artifacts caused by reconstruction errors may result in a false-positive finding of a pathologic entity (Fig 18) . In addition, diverticula occasionally simulate polyps on virtual dissection images, but correlation with the 2D axial images allows easy distinction between these two entities (Fig 19) . Frequently found adjacent to the teniae coli, diverticula often are arranged in a linear fashion that is more apparent on virtual dissection images (translucent line in a) than on other CT colonographic views.
